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Trends in Supply Voltage
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History of CMOS Convergence

1960s | 1970s 1980s 1990s 2000s
Watch Chip __
Calculator PMOS
Static RAM NMOS ._CMOS
Microprocessor NMOS “~_ CMOS
DRAM PMOS . NMOS
Server/Mainframe Bipolar/ Bi-CMOS _.
RF Device Bipolar/ Bi-CMOS —<MOS
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NMOS vs. CMOS for SRAM

2147 | Intel (1977) 6147 / Hitachi (1978)
Product HMOS 4K Static RAM| HiCMOS 4K Static RAM
Technology NMOS Twin-Well CMOS
Speed 55/70 ns 55/70 ns
Inctive/lstandby 110 mA /15 mA 15mA /0.001 mA
Chip Size 16.2 mm? 11.5 mm?
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HMG6147: 4K Static RAM (Hitachi)

RESEARCH/DEVELOPMENT

1979
COMPETITION |
| WINNERS |

Source: Hitachi Ltd. Chip Size:2.7mm x 3.959mm
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NMOS vs CMOS for Microprocessors

6801 / Hitachi (1979) | 6301 / Hitachi (1981)
Product 8bit MPU 8bit MPU
Technology 4 Micron NMOS 3 Micron CMOS
Speed 1 MHz 1 MHz, 1.5MHz, 2MHz
Power|Active 900 mW 30 mW (f = 1MHz)
Standby 70 mW 0.01 mW
Pin Count 40 Pins 40 Pins
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Change in Mainframe Architecture

- IBM’s sales of mainframe was
declining because of a precipitous
drop in market share.
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‘ Who Says ?
Elephants Can't
. Dance?

-The technical team made a bold
move to a totally different
architecture: from bipolar to CMOS.

Inside IBM's

- Had we not made the decision to go ' el b
with CMOS, we’d have been out of _
the mainframe business by 1997. GEOI‘.“SStVn eri

Source:HarperBusiness, 2002
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Future Challenges

@ Process/ Device
wHigh K Gate Material
w Multi Threshold Voltages

@ Circuit/ System
% Gated Clock
w Partial Power Off
w Total Power Management

Power Dissipation/ Gate

@ Strong Teamwork of S

Multidisciplinary Engineers 180 150 90 80 49
d bl Technology Node nm
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Progress of Processor Architectures

[MIPS]
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MIPS vs. Watts
(MIPS)
1000 —New Generation
RISC
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Concept of Reconfigurable Architecture

Function 1 a Function1:a+b+c
atb+c :
Function2:a+c+d
‘Function 2 c Function3: b+ c + d
‘ "LsI Chip
Function 3
b + CI+ q Reconfigurable Unit

LSl with

Conventional _
Reconfigurable

Circuit Technology

LSI
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Sony’s “Virtual Mobile Engine™”
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) Embedded
VME --- a Powerful Engine “\lirtual Mobile
for Heavier Tasks Engine™”
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World’s Smallest Network Walkman

Chip One CPU with Embedded
Configuration “Virtual Mobile Engine™”
Decoding Power Ultra Low Power: 4mW

Dissipation for ATRAC3 (Less than 1/4 compared to DSP)

Programmable:
ATRAC3/ ATRAC3plus/ MP3

Feature

® 11 CDs Recordable
® 33 Hours Non-stop Play

e Storage Media:
MagicGate Memory Stick-Duo
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Power Reduction at Algorithmic Level

Vendor Tool Features

Behavior Synthesis and Power
ASC PACIFIC Reduction Based on Input
Vector

Optimizes Memory Access and
Chipvision ORINOCO Date Processing Based on
C Code Analysis

Power Escape o
Power Analyzer, Identifies Memory Access

Escape Bottleneck in C Code, then

Power Escape | otimizes Algorithm
Optimizer
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Concept of “Power Escape”

Today’s Approach

Original

'

Algorithm

Hardware/
Software
Partitioning
/ \..
Software Hardware
Runningon in RTL
Processor

Source: Power Escape

Power Escape’s Approach

Original
Algorithm
}

Optimization

el S
Optimized Memory
Algorithm Architecture

T ==

Hardware/Software
Partitioning
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gﬂmfge - Hardware
Processo inRTL
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Results of “Power Escape” Concept

Power (mW) Example: Digital Audio Broadcasting
500
400 ~ Industrial Implementation

! = PowerEscape Optimized
300 __

| Sum
200 |

Data FunctionalControl Program Total

Storage Units & Addr. Memory

Source: Power Escape
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SoC: System on Chip

SoB SoC

3-D Graphics Engine

SoB | SoC
Performance| x1 x4

Power x1 x1/5
ChipCounts| x1 x1/4
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Growing Digital Consumer Market

B$
60 (B3)
01 Digital Consumer 7

- PC = DVD
40 | l | l | oGame
30 I:IDigital TV
20 |
10 [ m Mobile Phone
0

2001 2003 2005 2007

Source: Future Horizons
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Rising Wave of Second Digital Revolution

1970 1980 1990 2000 2010
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Brief History of Robots
First Generation Robot
1 ~ 7
ARG Based on Playback System
1970 ~ 80 Second Generation Robot
Based on Sensors

1980 ~ Third Generation Robot to Work

in Unstructured Environments

1990 ~ Fourth Generation Robot
to Coexist with Human Beings
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Sony’s Humanoid Robot

(SDR-3) (SDR-4X) _

» ® SDR: Sony Dream Robot
e Project Started in 1997

® SDR-3X Demonstrated
in 2000

e SDR-4X Demonstrated
in 2002

Sony’s Biped Robot Pioneers:
T. Ishida(Left) and Y.Kuroki(Right)
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Chips & Sensors for Robots

Plnch Detection Sensor X 18

VLS| chips CCD color B¢ -IR distance
P camerax2 | ﬁg"r sensor x 3
64bit CPU x 3 , ; '*
16bit MCU x 29 Microphones V' 7 'w Speaker x 1
DSP x 23 X7 A
Angular rate - % Thermo
ASIC x 4 1 28
FPGA x 3 sensor X sensor x
DRAM 192MB | ¢ celeration - Touch
Flash 16MB sensor X 3 ) sensor x 8
head,
Force sensor hands,
X8 (SDR-4X) shoulders
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